Background: Transcatheter aortic valve implantation (TAVI) is evolving rapidly and is increasingly being adopted in the treatment of aortic valve disease. The goal of this study was to examine regional differences in surgical aortic valve replacement (SAVR) and TAVI across Atlantic Canada.
U
ntil recently, the standard of care for aortic valve disease had been surgical aortic valve replacement (SAVR), with reported low mortality rates (1%-2%). [1] [2] [3] Advances in catheter techniques have led to a lessinvasive approach and the development of transcatheter aortic valve implantation (TAVI). Randomized controlled trials have shown TAVI to have outcomes as good as or superior to those of SAVR and medical therapy in selected groups of patients with aortic valve disease. 3, 4 These successes have led to significant changes in the clinical approach for the treatment of aortic valve disease, with increasing rates of TAVI not only for patients who are poor candidates for surgery but now also in intermediate-risk populations. 3, 4 Compared to SAVR, TAVI is a resource-intensive treatment with substantial associated costs in both the short and long term. 5 This has meant that TAVI implementation has been gradual, and the procedure remains relatively understudied. Given the managed care model in Canada, we are in a unique position to assess regional differences in realworld practice with the adoption of TAVI and its impact on SAVR. This is particularly true in Atlantic Canada, where only 3 major regional centres are responsible for the interventional care of all aortic valve disease, in Saint John, Halifax and St. John's. These 3 centres serve roughly 2.5 million Canadians from New Brunswick, Nova Scotia, Prince Edward Island, and Newfoundland and Labrador.
Adoption of TAVI has been tied to health care spending per capita in Europe, with the number and penetrance of TAVI procedures varying considerably between nations. 6 However, the penetrance of TAVI has not been fully explored in the Canadian context. Reimbursement strategies and health care funding have been suggested to be critical factors in adopting this new technology across a large geographic area. 6 Although some economic studies suggest that TAVI may be a more cost-effective solution than SAVR for some patients with severe aortic stenosis, this remains to be shown in all patient groups. [7] [8] [9] [10] Consequently, studies examining the early use of TAVI are critical to understanding resource allocation and ensuring proper access for all Canadians.
Furthermore, there are limited data examining rates of AVR procedures in Canada, and none looking specifically at the regional impact of TAVI program on patterns of aortic valve surgery. A 2004 demographic study showed that patients undergoing AVR surgery were typically more than 65 years of age and male, and that the age-and sexadjusted incidence rates of AVR procedures in Nova Scotia (16.8/100 000 people), New Brunswick (15.8/100 000) and Prince Edward Island (15.6/100 000) were similar to those in the rest of Canada; Newfoundland and Labrador had the lowest rates in Canada (11.0/100 000).
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The goal of the present study was to characterize the real-world treatment of aortic valve disease in Atlantic Canada, with particular attention to the adoption of TAVI and its influence on patterns of use of SAVR. In doing so, we hoped to identify the features of patients in whom SAVR and TAVI are performed and to determine the prevalence of these procedures at each of the 3 cardiac surgery centres in Atlantic Canada.
Methods
The present work represents input from the Atlantic Cardio vascular Quality Initiative, comprising clinicians representing each of the 3 cardiac centres in Atlantic Cana da where interventional treatment for aortic valve disease is provided: the New Brunswick Heart Centre, Saint John, the Maritime Heart Centre, Halifax, and the Health Sciences Centre, St. John's.
Data sources
All data for this study were obtained from the institutionally established registry data at each of the 3 regional cardiac surgery centres in Atlantic Canada. For the initial phase of this study, only data on use were used, and only aggregate data were shared for the purpose of research dissemination. Each centre obtained appropriate institutional research ethics approval for the present study.
All consecutive patients who underwent AVR (SAVR or TAVI) alone or in combination with other cardiac surgical procedures between Jan. 1, 2010, and Dec. 31, 2014, were included for analysis. Procedure information included the type of valve used (mechanical or bioprosthesis) and whether additional procedures were completed (coronary artery bypass grafting, alternative valve replacement, other cardiac, noncardiac). Patient characteristics included age, sex and type of procedure performed. We defined renal insufficiency based on the Society of Thoracic Surgery (STS) risk model as a creatinine level greater than 176 mmol/L. To allow provincial procedure rates to be standardized to the age distribution of the national population, we derived all denominator data from the 2011 census administered by Statistics Canada.
Indications for transcatheter aortic valve implantation
In all regions, a multidisciplinary TAVI team was created that included members from cardiac surgery, cardiology, interventional radiology, anesthesia and nursing. The cases of all patients considered for TAVI were reviewed by at least a surgeon and a cardiologist to determine suitability. The procedure was offered to patients who were believed to be at higher risk based on clinical criteria, supported by standardized scores (STS score [surgical (> 8) or intermediate (4) (5) (6) (7) (8) ], EuroSCORE and Frailty Index). 12 A final decision to proceed to TAVI was vetted in all cases by the multidisciplinary team. Investigations to determine suitability included cardiac catheterization, contrast computed tomographic angiography of the arterial anatomy and appropriate echocardiography investigation. The preferred approach was transfemoral, with alternative approaches considered only when TAVI was not feasible transfemorally.
Statistical analysis
We conducted univariate descriptive analysis on all variables. We determined counts and proportions for all variables. Variables with a nonnormal distribution are reported as median and interquartile range. We calculated crude rates of isolated SAVR, TAVI and SAVR in conjunction with other procedures and adjusted them for age and sex distribution using the 2011 Canadian population; they are expressed as the number of cases per 100 000 people. We performed all analyses using SAS statistical software version 9.4 (SAS Institute).
Results
During the 5-year study period, a total of 3042 patients underwent AVR in Atlantic Canada: 1491 in Nova Scotia, 1042 in New Brunswick and 509 in Newfoundland and Labrador. The number of patients who underwent TAVI, isolated SAVR and SAVR in conjunction with other procedures is illustrated in Fig. 1 . The distribution of procedures among TAVI, isolated SAVR and SAVR plus other procedure in the 3 provinces is shown in Fig. 2 , Fig. 3 and Fig. 4 . Most interventions were surgical, with a small proportion of patients undergoing TAVI. In both New Brunswick and Nova Scotia, TAVI numbers increased yearly; Newfoundland and Labrador did not start its TAVI program until 2016.
Patient characteristics and prosthetic choice
In each region, most patients undergoing AVR were aged 65 years or more and male, and a substantial number had a history of coronary artery disease. Patient characteristics are shown in Table 1 
Age-and sex-adjusted procedure rate
The age-and sex-adjusted rates of aortic valve surgery in Nova Scotia are shown in Fig. 2 . Overall rates appeared stable during the study period, peaking at 48.8/100 000 in 2011. Rates of TAVI increased over the study period, whereas rates of isolated SAVR decreased. Overall, Nova Scotia appeared to have highest rates of aortic valve intervention among the Atlantic provinces.
In contrast, in New Brunswick, adjusted rates of all aortic valve interventions increased yearly, peaking at 38.6/100 000 in 2014 (Fig. 3) . Unlike in Nova Scotia, there was no apparent decrease in rates of isolated SAVR. Rates of TAVI increased during the study period, whereas rates of isolated SAVR and SAVR plus other procedures largely remained unchanged. Rates of isolated SAVR and SAVR plus other procedures were higher in Nova Scotia than in New Brunswick, whereas rates of TAVI were similar between the 2 provinces. In Newfoundland and Labrador, adjusted rates of aortic valve procedures increased between 2010 and 2014, peaking at 26.4/100 000 in 2014 (Fig. 4) . In general, rates of any aortic valve intervention were lower in Newfoundland and Labrador than in Nova Scotia or New Brunswick over the study period.
discussion
In this study of rates of use of isolated SAVR, TAVI and SAVR plus other procedures across 3 regional centres in Atlantic Canada in 2010-2014, we found that aortic valve interventions were common, with nearly 600 procedures performed yearly. The overall unadjusted rates of aortic valve procedures were 35.2/100 000 in New Brunswick, 32.4/100 000 in Nova Scotia and 19.8/100 000 in Newfoundland and Labrador.
Overall, TAVI rates increased over the study period. New Brunswick was first to start a TAVI program, in 2010, and, as such, provides the largest Atlantic Canadian experience with TAVI, accounting for 66% of procedures. Not unexpectedly, TAVI was more likely to be performed in older patients with generally higher surgical risks. Although in general patient demographic characteristics appeared similar between geographic regions, patients in Newfoundland and Labrador were slightly younger than those in Nova Scotia and New Brunswick. This suggests that access for older patients (aged 65 yr or older) with aortic valve disease may be significantly different between regions; however, this has yet to be proven. One could also speculate that access in Newfoundland and Labrador may have increased as of 2016, when the TAVI program was started in that province.
We observed substantial differences between regions in the proportion of patients who received biological versus mechanical valves. In Nova Scotia, less than 5% of all valves implanted were mechanical, whereas in Newfoundland and Labrador, 44% of valves were mechanical. These differences cannot be explained simply on the basis of patient age, with a slightly older population in Nova Scotia than in the 2 other provinces. The practice pattern seen in Nova Scotia was well established before the adoption of TAVI, in 2012, with previously published rates of bioprosthesis use greater than 80%. 13 In addition, there has been a general change worldwide in practice favouring bioprostheses, with which repeat surgery may be less of a concern when TAVI is an option. 14, 15 In fact, the differences we observed represent important practice variations that are unique to the philosophy and interpretation of the evidence by the clinician group practising at each institution.
It should be noted that these observations are not intended to determine which centre is performing AVR more appropriately. Furthermore, these practice variations make it difficult to compare provinces in terms of the demographic characteristics of patients in whom SAVR and TAVI are performed.
Few studies have looked specifically at rates of use at a population level with age-and sex-adjusted rates to allow comparison. In the Canadian context, Hassan and colleagues 11 reviewed rates of valvular surgery from 1994/95 to 1999/2000 across all Canadian provinces but did not include TAVI. In a study investigating the adoption of TAVI across 11 European countries (2007-2011), the authors suggested that the incidence of the procedure ranged from 0.6/100 000 in Portugal to 8.9/100 000 in Germany. 6 Rates of use of TAVI have continued to increase, particularly in Germany, and TAVI has become the standard of care for older populations, with this procedure now surpassing SAVR. 16 Our most recent TAVI incidence rates (8.1/100 000 in Nova Scotia and 7.0/100 000 in New Brunswick) appear similar to what was seen in European countries in 2011 and, as such, may reflect the later adoption of the technology in Atlantic Canada. The growth of TAVI in both Nova Scotia and New Brunswick was likely in part tied to the funding programs that are available for the procedure. The details of the funding arrangements, including availability of additional funding should the need for TAVI increase, was not explored in the present study.
The age-and sex-adjusted incidence rates of AVR were higher in Nova Scotia (peak of 48.8/100 000) than in New Brunswick (peak of 38.6/100 000) or Newfoundland and Labrador (peak of 26.4/100 000). In contrast, TAVI rates were similar between Nova Scotia and New Brunswick. Interestingly, the introduction of TAVI did not lead to an increase in the total number of aortic valve interventions, such as has been observed in other studies. 3, 6 Published age-and sex-adjusted rates of aortic valve intervention in the United States approach 100/100 000. 17 The nonnegligible differences in rates of aortic valve interventions observed in Atlantic Canada suggest potentially important differences in access, practice patterns and/or patient characteristics that would account for these differences; however, examination of these factors was beyond the scope of the present study. Further work is needed to better understand what barriers to timely access exist to the care of patients with aortic stenosis in Atlantic Canada.
A study in Nova Scotia showed that overall demand for cardiac surgery decreased between 2001 and 2010. 13 In the present study, the overall incidence rates of valvular surgery in Nova Scotia remained unchanged between 2010 and 2014, whereas the rates increased in New Brunswick and Newfoundland and Labrador, although still remaining below those of Nova Scotia. It should be noted that, for the purposes of this study, we analyzed data for all patients who received care at a particular centre as originating from that region and did not specifically try to identify out-ofregion patients. Some patients may have received their care in other jurisdictions (e.g., patients from northern New Brunswick undergoing surgery in Quebec).
Strengths and limitations
The present study represents the results of an important collaborative data-sharing initiative among centres participating in the Atlantic Cardiovascular Quality Initiative. Given the centralization of care in Canada and the limited number of centres providing advanced cardiac care, this has allowed us to capture all the aortic valve procedures performed across Atlantic Canada. This also allows our observations to be generalizable. A limitation of this study is the use of 2011 census data to obtain our age-and sexadjusted rates. Another limitation is the fact that we did not separate patients based on their province of residence when considering incidence rates of aortic valve surgery. The proportion of patients undergoing AVR outside of their home province is likely low; however, patients from Prince Edward Island may undergo the surgery at either the Nova Scotia or the New Brunswick cardiac surgery centre. Finally, we were unable to include certain variables, such as left ventricle function scores, in the analysis owing to differences in data definitions between centres. If these variables had been included, comparisons between centres may have been inaccurate.
conclusion
Our study reflects findings from a novel procedure that is currently underresearched and that can have a large impact on an aging Canadian patient population. Examination of these data has already identified important inequalities from a resource allocation perspective and variations in practice patterns that have shifted our research efforts to better understand the reasons for our observations. Furthermore, our study represents the initial steps required to better understand real-world applications and adoption of novel procedures such as TAVI. Our work lays an important foundation for collaboration among the Atlantic regions in future research focusing on the cost-effectiveness and benefit of TAVI in Atlantic Canada.
